The effects of Kitham rat virus multiplication were studied in cultured rat embryo cells to examine the mechanisms by which virus infection might be related to developmental defects in rats and hamsters. The virus was found to inhibit mitosis and deoxyribonucleic acid (DNA) synthesis within 2 to 10 hr after infection. However, total ribonucleic acid synthesis was relatively unaffected until about 20 hr after infection, and total protein synthesis did not decline significantly until loss of viable cells was apparent in the cultures. No effect on chromosomes was detected. Kilham rat virus (KRV) is a minute, singlestranded deoxyribonucleic acid (DNA) virus (10, 11, 17, 19, 24) that can induce developmental defects in rats and hamsters (11) (12) (13) (14) . KRV and other members of the parvovirus group-including H-1 virus, minute virus of mice, and feline panleucopenia viruses-have been shown to induce a characteristic cerebellar hypoplasia (15) in neonatal animals. The cerebellar lesions induced by these viruses in several species are identical to the lesions induced by cytosine arabinoside (4) and similar to cerebellar lesions induced by low doses of X rays (1). KRV and H-1 have a preferential effect on fetal and neonatal tissues in vivo and at sites of tissue regeneration in adult animals (3, 14, 18, 23 The origin and preparation of virus-free cell cultures used in these studies have been described elsewhere (20, 21) .
The effects of Kitham rat virus multiplication were studied in cultured rat embryo cells to examine the mechanisms by which virus infection might be related to developmental defects in rats and hamsters. The virus was found to inhibit mitosis and deoxyribonucleic acid (DNA) synthesis within 2 to 10 hr after infection. However, total ribonucleic acid synthesis was relatively unaffected until about 20 hr after infection, and total protein synthesis did not decline significantly until loss of viable cells was apparent in the cultures. No effect on chromosomes was detected. The effect of Kilham rat virus on DNA synthesis appears to be due to inhibition of macromolecular synthesis rather than to an inhibition of uptake of precursors into cells. The effect of the virus on mitosis may be an addition to the effect on DNA synthesis, since mitosis is inhibited even in cultures in which cells are able to divide at the time of infection and which have presumably completed DNA synthesis.
Kilham rat virus (KRV) is a minute, singlestranded deoxyribonucleic acid (DNA) virus (10, 11, 17, 19, 24) that can induce developmental defects in rats and hamsters (11) (12) (13) (14) . KRV and other members of the parvovirus group-including H-1 virus, minute virus of mice, and feline panleucopenia viruses-have been shown to induce a characteristic cerebellar hypoplasia (15) in neonatal animals. The cerebellar lesions induced by these viruses in several species are identical to the lesions induced by cytosine arabinoside (4) and similar to cerebellar lesions induced by low doses of X rays (1) . KRV and H-1 have a preferential effect on fetal and neonatal tissues in vivo and at sites of tissue regeneration in adult animals (3, 14, 18, 23) . A detailed study of the cerebellar lesions induced by KRV led Margolis and Kilham (13) (14) (15) to propose that the virus had a preferential effect on actively dividing cells. Subsequently, we (21) found that the efficiency of infection by KRV in cultures of rat embryo cells is related to the synthetic activity of the cells and, further, that the replication of KRV is dependent upon at least one cell function that may involve DNA synthesis (22) . The present study examines the effects of KRV on cellular synthetic activity, mitosis, and chromosomes; the results are discussed in relation to the mechanisms of KRV-induced developmental defects.
MATERIALS AND METHODS
Virus and cell cultures. The original stock of KRV strain 171 was obtained from Lawrence Kilham, Dart- mouth Medical School, and pools were prepared in Fischer or Sprague-Dawley strain rat embryo cells. The stock was tested as described previously and found to be free of other known rodent viruses (20) .
The origin and preparation of virus-free cell cultures used in these studies have been described elsewhere (20, 21) .
Examination of chromosomes and determination of mitotic index. To test for an affect of KRV on chromosomes or mitosis, the cells were treated with colchicine after infection. The growth medium contained 10% calf serum plus Eagle's basal medium made up in Earle's balanced salt solution. A final concentration of 10-6 M colchicine was used in the medium for cells that were to be exposed to the drug for longer than 10 hr. Cells treated for intervals shorter than 10 hr were exposed to a 10-7 Mi concentration. At the end of the experiment (usually 24 hr), the cells to be examined for chromosome defects were treated with trypsin and scraped from the plates into a solution of 0.7%/-sodium citrate. Cells to be examined for mitosis were grown on glass cover slips-which, after collection, were placed in the sodium citrate solution for 
RESULTS
Effect of KRV on mitosis. Experiments were designed to determine the effect of KRV on the ability of rat embryo cells to divide after infection. We have reported previously that secondary, rat embryo cells enter a stationary phase at about 106 to 2 X 106 cells (per 60-mm petri dish) but can be stimulated to renew metabolic activity and cell division by the addition of fresh medium containing serum (21) . Thus, in these experiments, secondary cells grown on cover slips were infected with KRV and given fresh medium. At 0.5, 2.5, 11, and 22 hr after infection, colchicine was added to the medium so that the cells would accumulate as they entered mitosis. The cover slip cultures were harvested at 24 hr after infection, and the proportions of mitotic cells were compared with those in similar cultures not exposed to the virus ( Effect ofKilham rat virus (KRV) on mitosis in rat embryo cell cultures. Secondary, rat embryo cells grown on glass cover slips were exposed to KR V (about 10 plaque-forming units/cell) or normal cell lysate for 2 hr at 37 C with occasional shaking and then given fresh mediwn. At various intervals (0.5, 2.5, 11, and 22 hr) thereafter, colchicine was added to give a final concentration of 10-M for cells to be treated for over 10 hr or J0-7 MI for cells exposed for less than 10 hr.
Cultures were harvested at 24 hr after infection; cells were fixed and stained, as described in Materials and Methods, before the mitotic cells were counted. 0, Control cells; *, virus-infected cells.
ing virus within the first replication cycle) was not determined for this experiment, the maximum efficiency, as seen with the fluorescent-antibody technique, usually did not exceed 30%.
Thus, it would appear that mitosis is inhibited even in cells which do not immediately synthesize virus and could, therefore, be an indirect effect of the virus or the process of infection. However, as we have shown elsewhere (21) (Fig. 2) show that DNA synthesis in uninfected cultures increased within 5 hr after infection but that incorporation of virus. The inhibition was usually apparent by 5 hr but not significant until the rate of synthesis increased in control cells. The amount of soluble precursor, released after the cells were disrupted by sonic treatment and treated with trichloroacetic acid, was also measured (Fig. 2 insert) . These results suggest that the infected cells are able to maintain an intracellular soluble pool of the precursor but lose the ability to synthesize DNA. The inhibitory effect of KRV was prevented by incubating the virus with KRV antiserum prior to infection but was not reversed by incubation with normal serum. KRV also inhibits the initiation of DNA synthesis in a cell line of normal rat kidney established by Duc-Nguyen et al. (2) . Actively growing cultures of these cells showed a marked decrease in rate of total DNA synthesis when infected with KRV (Fig. 3) (Fig. 4) ["4C]leucine, respectively. As shown in Fig. 5 , KRV had relatively little effect on total RNA or protein synthesis compared to its effect on DNA synthesis. In another experiment, an effect on total RNA synthesis was seen by 24 hr in the virus-infected cells, but total protein synthesis remained similar to that in control cells until about 36 hr, when a cytopathic effect was evident.
The specificity of the effect of KRV on DNA synthesis was confirmed by exposing cells to [3H]adenine and then determining the amount of labeled material incorporated into DNA and RNA. As in the previous experiments, infected or control cells were pulse-labeled at intervals after Table 2 , incorporation of the precursor into DNA was relatively unaffected, thus confirming that the effect of KRV is an inhibition of DNA synthesis and not an effect on the ability of the cells to take up (1, 2, 5, 6, 13 hr), the cultures were exposed to [3H]uridine (I ,uCi/ml),
[3H]dThd (1 IACi/ml), or L-[14C]leucine (I ,uCi/ml) for 1 hr at 37 C. At the end of the exposure, the cells were washed, scraped into I ml of cold phosphate-buffered saline, and quick-frozen. The amount of label incorporated was determined as described (21) 
